WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 : 

CUD 17/00, 11/00, 3/02, C01C 1/24, 
C05C 3AM), C05G 3/00 



Al 



(11) International Publication Number: WO 96/23864 

(43) International Publication Date: 8 August 1996 (08.08.96) 



(21) International Application Number: PCT/US96701236 

(22) International Filing Date: 31 January 1996 (31.01.96) 



(30) Priority Data: 

08/382301 



31 January 1995 (31.01.95) 



US 



(71) Applicant: RHONE-POULENC INC. [US/US]; Black Horse 
Lane, Monmouth Junction, NJ 08852 (US). 

(72) Inventors: DENTON, William. Kenneth; 77 Colonial Avenue, 
Trenton, NJ 08610 (US). EINZIGER, Mark, David; 6 
Hearthstone Drive, Manalapan, NJ 07726 (US). HAZEN, 
James, Lyle; One Red Oak Drive, Plainsboro, NJ 08536 
(US). 

(74) Agent: SHEDDEN, John, A.; Rhone-Poulenc Inc.. Building N, 
Prospect Plains Road, Cranbury, NJ 08512-7500 (US). 



(81) Designated States: AM, AT, AU, BB, BG, BR, BY, CA, CH 
CN, CZ, DE, DK, EE, ES, Fl GB, GE, HU. IS, JP, KE, KG, 
KP, KR, KZ, LK, LR, LT, LU, LV, MD, MG, MN, MW, 
MX, NO, NZ. PL, PT. RO, RU, SD, SE, SG, SI, SK, TJ 
TM, TT, UA. UG, UZ, VN, ARIPO patent (KE. LS, MW, 
SD, SZ, UG), European patent (AT, BE, CH, DE, DK ES 
FR, GB, GR. IE, IT. LU, MC, NL, PT, SE), OAPI patent 
(BF, BJ, CF, CG, CI. CM. GA, GN, ML, MR, NE, SN, TD 
TG). 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



(54) Title: NONIONIC SURFACTANTS WITH ENHANCED AQUEOUS DISSOLUTION RATES ' 
(57) Abstract 

A method for enhancing solid, nonionic surfactant aqueous dissolution rates by spray-coating from about 1 to less than 70 weight 
percent of diammonium sulfate with the surfactants and the compositions produced thereby * tBan 70 WCIght 



So 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international 
applications under the PCT. 



AM 


Armenia 


GB 


United Kingdom 


MW 


Malawi 


AT 


Austria 


GE 


Georgia 


MX 


Mexico 


AU 


Ausoalia 


GN 


Guinea 


NE 


Niger 


BB 


Bui . |«|-|- 


GR 


Greece 


NL 


Netherlands 


BE 


Belgium 


HU 


Hungary 


NO 


Norway 


BF 


Burkina Faso 


IE 


Ireland 


NZ 


New Zealand 


BG 


Bulgaria 


IT 


Italy 


PL 


Poland 


BJ 




JP 


Japan 


FT 


Portugal 


BR 


Brazil 


KB 


Kenya 


RO 


Romania 


BY 


Belarus 


KG 


Kyrgystan 


RU 


Russian Federation 


CA 


Canada 


KP 


Democratic People'* Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SG 


Singapore 


CH 


Switzerland 


KZ 


Kazakhstan 


SI 


Slovenia 


a 


Cflte d* I voire 


U 


Liechtenstein 


SK 


Slovakia 


CM 


Cameroon 


LK 


Sri Lanka 


SN 


Senega] 


CN 


China 


LR 


Liberia 


sz 


Swaziland 


CS 


Czechoslovakia 


LT 


Lithuania 


TO 


Chad 


CZ 


Czech Republic 


LU 




TG 


Togo 


DE 


Germany 


LV 


Latvia 


TJ 


Tajikistan 


DK 


Denmark 


MC 


Monaco 


TT 


Trinidad and Tobago 


EE 


Estonia 


MO 


Republic of Moldova 


UA 


Ukraine 


ES 


Spain 


MG 


Madagascar 


UG 


Uganda 


Fl 


Finland 


ML 


Mali 


US 


United States of America 


FR 


France 


MN 


Mongolia 


UZ 


Uzbekistan 


GA 


Gabon 


MR 


Mauritania 


VN 


Viet Nam 



WO 96/23864 



PCT/US96/01236 



N QN IONIC SURFACTANTS WITH ENHANCED AQUEOUS DISSQLtTTTOM p&tito 

5 Field of the Invfinrjon 

The present invention relates to a process for the 
preparation of solid nonionic surfactant compositions and the 
compositions produced thereby which have dissolution rates in 
10 water much higher than the surfactants alone. 

Background of the Invention 
Surfactants have many end-use applications well known to 
those in the art wherein it is desirable to be able to alter 

15 and/or control the dissolution rate of the surfactant once it 
is intimately admixed with water. In certain situations, it 
becomes desirable to slow the rate at which the surfactants 
solubilize, for example, when used in toilet bowl cleaning 
cakes. More often, it is desired to increase the rate at 

20 which the solid surfactant dissolves into the aqueous medium. 
This enhanced rate of dissolution would be desirable, for 
example, in dishwashing or laundry powdered detergent 
situations. Heretofore, attempts to control the times of 
solid surfactant solubilization have taken various forms, such 

25 as using incorporated binders, extrusion granulation, membrane 
encapsulation, or tableting, i.e., compression of the 
surfactant - containing compositions all of which possess 
attendant disadvantages. For example, encapsulation is highly 
dependent upon the quality of the encapsulating material and 
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may release the compositions in discrete packages. The 
compaction process is an extremely difficult way to control 
the release of surfactant material for slight variations in 
composition properties, e.g., tackiness, particle size, etc. 
5 can have dramatic impact on the dissolution rate even under 
fixed, uniform compacting pressure. 

Extrusion processing to prepare melt -admixed granules, 
such as is taught in EP 501,798A1 has the disadvantage of 
always intimately admixing all of the components thus 

10 inherently placing a restriction on the individual components 
that can be utilized in such a process, i.e., they must be 
compatible. Furthermore, initially all of the material 
components will be exposed to the aqueous medium 
simultaneously, i.e., one cannot program for differing 

15 dissolution rates. 

Granule-type products, i.e., multi -component particles 
are desirable in many end-use applications for they are more 
stable during storage and transport than mere physical 
mixtures of the dry individual components. 

20 It would be advantageous if a process means relatively 

insensitive to minor process or product variations were 
available to avoid the above- identified problems of the prior 
art and to not only increase the rate at which nonionic solid 
surfactants dissolve in aqueous medium, but also permit i) 

25 incompatible components to be incorporated into a single 
particle and ii) preferential or sequential exposure of 
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20 



25 



selected components to the aqueous media. 

Summary of the Invention 
It is an object of the present invention to realize a 
process for preparing solid nonionic surfactant compositions 
with significantly enhanced and easily predictable and 
controllable aqueous dissolution rates. This is accomplished 
by spray-coating diammonium sulfate crystals with the molten 
surfactant composition. 



Detailed Description of thP TnvpnHnn 
It has been discovered that the time for complete 
dissolution in water of certain solid, nonionic surfactants 
and surfactant compositions can be significantly reduced when 
15 the solids are spray- coated onto diammonium sulfate. 

By "spray- coated" is meant that the solid surfactant is 
melted and coated upon the sulfate while still in the molten 
state. This is done by spraying the molten surfactant onto 
the diammonium sulfate particles in a coating blender. 

Complete coating of the sulfate particles is not always 
necessary but, rather, the degree of completeness of the 
coating is often determined by specific requirements such as 
the need to isolate the diammonium sulfate from other added 
incompatible adjuvants. The sprayed material, while still in 
a tacky state, is then continuously tumbled to partially 
agglomerate or granulate the individual particles so as to 
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yield dry flowable granules. 

The nonionic surfactants whose dissolution rate can be 
enhanced by the processes of this invention are those known in 
the art which are solid or of a hard, nontacky wax consistency 
5 at room temperature . 

Among the preferred nonionics are the following: 
A) Amides such as : 

i) Alkanolamides of the formula - 
0 

10 !| R' 

R C 

^ R 11 

wherein R' and R" each can be -H, -CH 2 CH 2 OH, or 

15 -CH. - CH-OH; 

\ 

CH 3 

ii) ethoxylated alkanolamides of the formula - 

O „ (CH^CH^OJ^H 

II 

20 R - C - N^T 



^ (CH^CH^OyH; and 
iii) ethylene bisamides of the formula - 

O 

II 

25 R - C ^ ^ H 

N-CH 2 -CH 2 -N^' 
H^" - C-R 

II 
O 

30 

B) Esters such as: 

i) fatty acid esters of the formula - 

O 
II 

35 R - C - O - R t ; 
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ii) glycerol esters of the formula - 

0 

II 

R - C - 0 - CH 2 - CH - CH 2 - 0 - R x 

OH; 

5 

iii) ethoxylated fatty acid glycol and polyethylene 

glycol esters of the formula - 

0 
II 

10 R - C - O (CH 2 CH 2 0) x -R i; 

iv) sorbitan esters of the formula - 
HO OH 

15 ( O 

< 11 

CH - CH 2 - O - C - R; and 



20 



25 



40 



45 



i 

OH 



v) ethoxylated sorbitan esters of the formula - 
H- (OCH ? CH,) n -0 ^ ^ O- (CH 2 CH 2 0) x -H 




° 

CH-CH 2 -0-C-R 

30 6-(CH 2 CH 2 0) y 
C) Ethoxylates such as: 

i) alkylphenol ethoxylates of the formula 

- (OCH 2 CH 2 )„OH; 



Ri 



ii) alcohol ethoxylates of the formula 
R - 0 - (CH 2 CH 2 0) n H; 
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iii) tristyrylphenol ethoxylates of the formula - 

(0 CH 2 CH 2 ) n OH 

5 C " CH — — CH- C 

_ i • 1 

CH 3 CH 3 ; and 

CH 3 - CH 

10 

iv) mercaptan ethoxylates of the formula - 
R - S - (CH 2 CH 2 0) n H 



15 



20 



35 



40 



D) End-capped and EO/PO block copolymers such as: 

i) alcohol alkoxylates of the formula - 

CH 3 
I 

R-(OCH 2 CH 2 ) x - (0 - CH - CH 2 ) m - OH; 



ii) ethylene oxide /propylene oxide block 
25 copolymers of the formula - 

CH, 

HO - <CH 2 CH 2 0) x (CH 2 -CH-0) m - (CH 2 CH 2 0) y - H; 

30 iii) reverse copolymers of the formula - 

CH 3 CH, 
I I 
HO(CH-CH 2 0) n - (CH 2 CH 2 0) x - (CH 2 -CH 0) x H; 



iv) chlorine capped ethoxylates of the formula 
R - (0CH 2 CH 2 ) X C1; and 
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v) tetra- functional block copolymers of the 
formula - 

ch, ch 3 

H (OCH 2 CH 2 ) x - (OCHCH 2 ) B ^ (CHj CH O) - <CH 2 CH 2 0> B .H 

^NCH,CH 2 N" 

H <OCH 2 CH 2 ) y - <OCH ZKjf ^No^CHO),. - <CH 3 CH 3 0) y .H 



or 



15 CH, 



CH, 



25 wherein 



H {OCH CH 2 ) B - (OCH : CH 2 ) X ^ (CH 2 CH 2 0) x . - (CH 2 CHO) w . 

^NCH.CH^N 

H (OCH CH,), - (OCH 3 CH,)^ X <CH 2 CH 2 0) y , - (CH 2 CHO) 

CH 3 



22 
! 18 



R is a fatty alkyl group, preferably a C 6 - C 
fatty alkyl group, most preferably a C 8 - C 
fatty alkyl group; 

R L is -H or a fatty alkyl group, preferably -H 
or a C s - C 22 fatty alkyl group, most preferably - 
H or a C s - C l8 fatty alkyl group; 

x ' x ' / Yt V and n are each independently 
moles of ethylene oxide preferably 1 to 3 00; most 
preferably 1 to 150; and 
35 m, m' , 1 and 1' are each independently moles 

of propylene oxide, preferably l to 300; most 
preferably 1 to 150; 

with the proviso that the fatty alkyl group 
and/or the number or arrangement of the ethylene 
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oxide and/or propylene oxide units are such that 
the surfactant composition is a solid at room 
temperature (24 # C), preferably a solid at 50 # C. 
Mixtures of the above surfactants are acceptable and, in 
5 fact, mixtures of the above surfactants with other nonionics 
that alone are liquid even at room temperature may be 
acceptable provided that the amount or nature of the liquid 
surfactant is such that the final particulate product does not 
exhibit tackiness at room temperature. Preferably, tackiness 
10 is not exhibited even at 50 "C. 

The solid, nonionic surfactant compositions of the 
instant invention should be present from greater than 3 0 to 
about 99 weight percent, preferably from about 50 to about 97 
weight percent, said percent based on the total spray-coated 
15 formulation. 

The more preferred solid nonionic surfactants are the 
af oredescribed alkyl alcohol ethoxylates and alkylphenol 
ethoxylates . 

The most preferred solid nonionic surfactant is 
20 dinonylphenol ethoxylate () 100 EO) for it has been discovered 
that this compound possesses the ability to provide excellent 
wetting characteristics together with a high melting point. 
Furthermore, the material exhibits an ability to dissolve in 
aqueous medium without formation of a gel phase. 
25 The amount of diammonium sulfate to be spray-coated by 

the solid nonionic composition can be from about 1 to less 

1 
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than 70 weight percent, preferably from about 3 to about 50 
weight percent based on the total weight of the final spray- 
coated composition. 

The essence of the instant invention lies in the 
5 discovery that if solid nonionic surfactant compositions are 
spray-coated upon diammonium sulfate, the dissolution rate of 
the dry surfactant particulate composition in aqueous solution 
is greatly enhanced. It is also hypothesized that in addition 
to the action of the ammonium sulfate per se upon the 

10 dissolution rate of the solid, nonionic surfactant 
composition, the coating process tends to entrap air within 
the coated granules thereby increasing the surface area 
ultimately exposed to the aqueous medium which increases the 
dissolution rate (as opposed to compaction and extrusion 

15 processes which tend to compress air out of the particles) . 
Also, the pockets of entrapped air function as flotation aids 
which assist in keeping the coated granules from settling. 

The preferred process of the instant spray-coating 
invention comprises the steps of: 

20 a) adding diammonium sulfate to a blender chamber; 

b) mixing said diammonium sulfate to ensure uniform 
distribution; 

c) melting the initially solid nonionic surfactant 
composition, preferably at a temperature of from 

25 about 65' to about 95'C. (149 - 203*F); 

d) spraying the molten surfactant composition onto 
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the diammonium sulfate in said blender chamber 
with continuous blending to effect a coating and 
granulation of the sulfate particles; and 
e) cooling the coated granules, preferably to less 

5 than 50 # C (122 # F) . 

Preferably, the diammonium sulfate is initially blended 
for at least 10 minutes before the spraying step to ensure 
that the initial crystal sizes are uniformly distributed 
throughout the batch. The preferred spray blender-mixers are 
10 those of the Mark VI design manufactured by Continental Rollo 
or an equivalent. 

Preferably, to aid in providing a uniform coating and 
also to avoid undesirable agglomeration, the mixture should 
continue to be blended for at least three additional minutes 
15 after the spraying has ceased. If it is desired to have any 
of the additional components adhere to the surface of the 
coated granules, e.g., if an additional additive is a fine 
powder and one desires to reduce dusting in the final product, 
the material can be added while the coated granules are still 
2 0 tacky to obtain adherence, i.e., the material can be added 
before the coated material is completely cooled. Examples of 
such optional additional components include anti-foam agents, 
flow agents, anti -caking agents, stabilizers, inert fillers, 
gas-generating agents, dyes, and/or any adjuvants particular 
25 to the specific end-use application of the resulting product. 

Optional adjuvants can be added from about 0 to about 20 
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weight percent of the granular composition. Inert ingredients 
can be present from about 0 to about 80 weight percent. 

One of the distinct advantages of the instant spray- 
coated, i.e., • multi -layered particle is that it frees the 
5 preparer from many of the restrictions normally imposed upon 
multi -component systems manufacturers. For example, 

additional adjuvant components which normally would be 
incompatible with the diammonium sulfate can be made a part of 
the coated particle by introducing the component after the 
0 coating process is completed, but while the multi -layered 
material is still tacky so that the adjuvant can be adhered to 
the outer surface, i.e., the component would only be in 
contact with the nonionic composition layer. 

Another advantage realized by this adherence contact 
> procedure is that since it allows material to be placed on the 
outside of the spray- coated particle, it gives the adhered 
material preferential or advanced exposure to the aqueous 
media. Thus, one can also selectively sequence the exposure 
times of certain components of the particle. 

The diammonium sulfate of the instant process preferably 
should be of a coarse grade,- most preferably 95 weight percent 
of the material should be in the average particle size 
diameter of from about 200 to about 600 microns, i.e. 95 
weight percent should pass through a 30 mesh (U. s. Standard) 
screen and not pass through a 70 mesh (U. S. Standard) screen. 
Elimination of fines is preferred to minimize compaction or 
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undesirable agglomeration of the di ammonium sulfate particles 
during the coating process. 

The coated composition may be used as is or, if 
preferred, screened to a desired particle size. 
5 The following specific examples are further illustrative 

of the present invention, but it is understood that the 
invention is not limited thereto. All amounts of various 
ingredients are by weight unless otherwise specified. 

In all of the following Examples, the dissolution rates 
10 were determined as follows: 

A calculated amount of product such that the surfactant 
weight remained at 2.0 grams is added into a 250 ml 
beaker filled with 98 ml of deionized water at room 
temperature while stirring with a magnetic stirrer set to 
15 a speed of about 3 0-50% full scale and a stopwatch 

started. When complete dissolution is observed, i.e., 
the solution becomes completely clear, the time is 
recorded. 



20 Examples I -II 

A flaked dinonylphenol ethoxylate ()l00 EO) (sold under 
the Rhone- Poulenc trademark Igepal DM- 970 FLK) is blended with 
a sufficient amount of a liquid isodecyl alcohol ethoxylate (4 
EO) (sold under the Rhone-Poulenc trademark Rhodasurf DA-530) 

25 to produce a non- tacky, solid mixture with an 85:15 
respectively weight ratio surfactant Composition A (said 
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nonionic surfactant composition blend also sold under the 
Rhone-Poulenc trademark AgRHo DS 420) . Although the isodecyl 
alcohol ethoxylate has an adverse effect on the melting point 
of the solid dinonylphenol ethoxylated surfactant, its 
presence is useful for the improved wetting characteristic it 
provides, i.e., the lower surface tension realized in the 
final aqueous solution as a result of its incorporation. 

At room temperature, dry diammonium sulfate is added to 
the dry Composition A prepared above in a Sigma Blade Mixer in 
a weight ratio of approximately 85:15 weight percent sulfate 
to surfactant. Blending is unable to be accomplished because 
the materials compress together and cake. 

The test is run again utilizing solely the flaked 
dinonylphenol ethoxylate ()100 EO) , i.e., Igepal DM-970 FLK in 
lieu of Composition A. Again, the blending is unsuccessful 
because, even at room temperature, the surfactant and 
diammonium sulfate compact to form cakes. 

Examples III - VT 
Diammonium sulfate is charged into a Continental Rollo 
mixer Mark VI blender. The sulfate is rotationally blended 
for about 10 minutes. A solid nonionic surfactant composition 
comprising dinonylphenol ethoxylate () 100 EO) (Igepal DM 970) 
and isodecyl alcohol ethoxylate (4 EO) (Igepal DA 53 0) 
respectively, (said nonionic surfactant composition blend sold 
under the Rhone-Poulenc trademark AgRHo DS 420) is heated at 
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a temperature of about 85* C until the surfactant composition 
is melted. The molten surfactant is then sprayed onto the 
rotating diammonium sulfate through fine sized 8008E spray 
tips. The mixture is blended continuously for three 
5 additional minutes to ensure uniform coating and granulation. 
The mixture is then cooled to about 45* C at which time an 
antifoam agent is blended into the mixture for three minutes. 
The coated granular product is collected through a #8 (U. S. 
Standard) mesh screen. In these and the following examples, 
10 the weight percentages as indicated are based on the total 
weight of the final formulation. 

Table I 

Dinonylphenol Isodecyl Alcohol 
15 Ethoxylate (> 100 EO) Ethoxylate (4 EO) Ammonium Antifoam Dissolution 
Sample F^afred; Liquid Sulfate Agent* Time (Min.) 

Control 85.00V 15.00% - - 4:25 

1 81.00% 13.00% 5.00% 1.00% 2:50 

20 2 79.00% 10.00% 10.00% 1.00% 2:40 

3 75.00% 9.00% 15.00% 1.00% 2:35 

* a polyorganosiloxane sold under the Rhone- Poulenc trademark Rhodorsil 
Silicone EP 6703 

25 

The resulting dissolution times of the solid nonionic 
surfactant compositions indicate the significantly enhanced 
dissolution rates that can be unexpectedly realized by this 
invention, i.e., by the intimate spray-coating of diammonium 
3 0 sulfate with the surfactant. 

In addition to the aforementioned enhanced dissolution; 
incompatibility avoidance; and preferential dissolution 
advantages, the coated products of this invention also realize 
a very uniform particle size together with excellent attrition 

11 



WO 96/23864 



PCT/US96/01236 



resistance. Serendipitously, the process is significantly 
less energy intensive and more capital cost effective than 
other melt -admixing processes, e.g., extrusion processes of 
the prior art . 

5 Although the present invention has been described and 

illustrated with reference to specific examples, it is 
understood that modifications and variations of composition 
and procedure are contemplated within the scope of the 
following claims: 

10 



15 



20 



25 

15 
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We claim: 

1. A method for enhancing the aqueous dissolution rates of 
solid, nonionic surfactant compositions comprising spray- 
coating from about 1 to less than 70 weight percent 

5 diammonium sulfate with said solid f nonionic surfactant 

composition; the weight percentage based on the total 
weight of the spray-coated composition. 

2. The method of claim 1 wherein the diammonium sulfate is 
present from about 3 to about 50 weight percent of the 

10 total spray-coated composition. 

3 . A method of enhancing the aqueous dissolution rates of 
solid, nonionic surfactant compositions comprising spray- 
coating from about 1 to less than 70 weight percent 
(based on the total spray-coated composition) diammonium 
15 sulfate with a solid, nonionic surfactant selected from 

the group consisting of: 

i) alkanolamides of the formula 
0 

I! R' 
20 R C 

^ R" 

wherein R' and R" each can be -H, -CH 2 CH 2 OH, or 

-CH 2 - CH-OH; 
\ 

25 CH 3 

ii) ethoxylated alkanolamides of the formula 

O (CH^CH^O)^ 
II 

R - C - N " 

" (CH 2 -CH 2 -0)yH; 

16 
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iii) ethylene bisamides of the formula 

0 

ii 

R - H 
5 ' . N-CH 2 -CH.-N " 

H " - C-R; 

II 

0 

10 iv) fatty acid esters of the formula 

0 

I! 

R-C-0-R t ; 

15 

v) glycerol esters of the formula 

O 
II 

20 R - C - O - CH 2 - CH - CH 2 - O - R x 

OH; 

vi) ethoxylated fatty acid glycol and polyethylene 

25 glycol esters of the formula 

0 

I: 

R - C - O (CH 2 CH 2 0) x -R 1 ; 
vii) sorbitan esters of the formula 

HO OH 

30 N < O 

N C CH - CH 2 - 0 - C - R; 

I 

OH 

35 viii) ethoxylated sorbitan esters of the formula 

H- (OCH^ln-Oy^- 0- (CH 2 CH 2 0) x -H 

v\ 

\ ii 

CH-CH 2 -0-C-R; 
I 

O- (CH 2 CH 2 0) y 

40 
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ix) alkylphenol ethoxylates of the formula 

R -SQ '. - (OCH 2 CH 2 ) n OH; 

x) alcohol ethoxylates of the formula 

R - 0 - (CH 2 CH 2 0) n H; 
xi) tristyrylphenol ethoxylates of the formula 

(0 CH 2 CH 2 )„OH 



'cV 



CH^ -CH- ' ' } 

i >r \ - 

CH 3 7. CH 3 
i 



CH, - CH 

xii) mercaptan ethoxylates of the formula 

R - S - {CH 2 CH 2 0) n H; 
xiii) alcohol alkoxylates of the formula 

CH, 

R-(0CH,CH 2 ) x - (0 - CH - CH 2 ) ra - OH; 
xiv) ethyleneoxide/propyleneoxide block copolymers 

of the formula 

CH 3 
I 

HO - (CH 2 CH 2 0) x (CH 2 -CH-0) m - (CH 2 CH 2 0) y - H; 
xv) reverse copolymers of the formula 

CH 3 CH 3 
H0(CH-CH 2 0) ra -(CH 2 CH 2 0) x - (CH 2 -CH 0) , H; 
xvi) chlorine capped ethoxylates of the formula 

R - (0CH 2 CH 2 )„C1; 
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xvii) tetra- functional block copolymers of the 
formula - 

CH, . p, 

H <OCH 2 CH 2 ) x - <OCHCH 2 )„^ .{CH.CM 0) „• - (CH 3 CH 2 0) ..H 

x nch 3 ch,n; 



10 H (OCH = CH,) v - (OCH CH,)^ "(CH J CHO) 1 . - (CH 2 CH a O) y .H 

CH, CH, 
or 

15 CH 3 c« 3 

i I 

H (OCH CH,),, - (OCH 3 CH 2 ) X <CH 2 CH 2 0)„. - (CH 2 CHO) m . 

^ NCH,CH,N ' 

20 / 



H (OCH CH : ) : - (OCH, CH,)/ (CH 2 CH 2 0) y . - (CH^HO)^ 

CH, CH,» a«i 

25 xviii) mixtures thereof 

wherein 

R is a fatty alkyl group; 
R x is -H or a fatty alkyl group; 
x, x' , y, y' and n are each independently 
3 0 moles of ethyleneoxide ; and 

' , 1 and 1' are each independently 
moles of propyleneoxide; and 

with the proviso that the fatty alkyl group 
and/or the number or arrangement of the 
35 ethyleneoxide and/or propyleneoxide units are 

such that the surfactant composition is solid 
at 24 - C. 

4. The method of claim 3 wherein 

R fatty alkyl groups are from C 6 to C 22 ; 
40 Rj is H or the fatty alkyl groups are from C 6 to C 22 ; 
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10 



x, x' , y, y' , and n are each independently from l to 
3 00; and 

m, m f , 1, and 1' are each independently from 1 to 

300. 

5. The method of claim 4 wherein 
R is C 9 to C 18 alkyl; 
R 1 is H or C B to C 18 alkyl; 

x, x' y, y' and n are each independently from 1 to 

200; 

m, m' , 1, and 1' are each independently from 1 to 
200. 

6. A method for enhancing the aqueous dissolution rates of 
solid, nonionic surfactant compositions comprising: 

a) mixing diammonium sulfate in a blending chamber; 
!5 b) melting nonionic surfactant; 

c) spraying the molten surfactant onto the diammonium 
sulfate with continuous blending to achieve coating 
and granulation of the sulfate particles; and 

d) cooling the coated particles; wherein said 
20 diammonium sulfate comprises from about 1 to less 

than 70 weight percent of the coated composition 
(the weight percent based on the total weight of the 
spray- coated composition) . 

7. The method of claim 6 wherein the ammonium sulfate is 
25 present from about 3 to about 50 weight percent of the 

coated composition. 
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8 . A method for enhancing the aqueous dissolution rates of 
solid, nonionic surfactant compositions comprising 

a) mixing diammonium sulfate in a blending chamber; 

b) melting a nonionic surfactant selected from the 
5 group consisting of 

i) alkanolamides 
0 

'I ^ R' 

R C — n.: 

10 ^ R" 

wherein R' and R" each can be -H, -CH 2 CH 2 OH, or 
-CH 2 - CH-OH; 

CH 3 

15 ii) ethoxylated alkanolamides of the formula 

O (CH 2 -CH 2 -0) x H 

II 

r - c - n; 

(C^-CH.-OyH; 

iii) ethylene bisamides of the formula 

20 O 

II 

R - C ^ ^ H 



n-ch 2 -ch 2 -n: 



H ' . ^C-R; 

25 || 

O 

iv) fatty acid esters of the formula 

30 O 

II 

R - C - 0 - R 1? 



35 
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v) glycerol esters of the formula 

0 
II 

5 R - C - 0 - CH 2 - CH - CH 2 - O - R x 

OH; 

10 vi) ethoxylated fatty acid glycol and polyethylene 

glycol esters of the formula 

0 

II 

R - C - O (CH 2 CH 2 0) x -R i; 



15 



30 



35 



vii) sorbitan esters of the formula 



HO OH 

>-< ,9 

{ > CH - CH 2 - O - C - R; 

20 \y | 

OH 



viii) ethoxylated sorbitan esters of the formula 
25 H- (OCH 2 CH 2 ) n -0 , 0-(CH 2 CH 2 0) x -H 

V O 

CH-CH 2 -0-C-R 

i 

O- (CH 2 CH 2 0) y 



ix) alkylphenol ethoxylates of the formula 
R - O) " (OCH 2 CH 2 ) n OH; 



x) alcohol ethoxylates of the formula 
R - 0 - (CH 2 CH 2 0) n H; 
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xi) tristyrylphenol ethoxylates of the formula 

(0 CH 2 CH 2 ) n OH 



CH 3 ^ CH 3 
5 CHj - CH 

10 xii) inercapcan ethoxylates of the formula 

R - S - (CH 2 CH 2 0) n H; 
xiii) alcohol alkoxylates of the formula 



15 



20 



25 



40 



45 



CH, 

R-(OCH 2 CH 2 ) x - (0 - CH - CH 2 )„ - OH; 

xiv) ethyleneoxide/propyleneoxide block copolymers 
of the formula 

CH 3 



HO - (CH 2 CH 2 0) x (CH 2 -CH-0) m - (CH,CH,0) y - H; 
30 xv) reverse copolymers of the formula 

CH 3 CH, 
35 HO(CH-CH 2 0)„-(CH 2 CH 2 0) x -(CH 2 -CH O) 1 H; 



xvi) chlorine capped ethoxylates of the formula 
R - (OCH 2 CH 2 ) x Cl; 
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xvii) tetra- functional block copolymers of the 
formula - 



10 



CH 3 

H (OCH.CH,), - (OCH CH,) B> ^ . ( CH 2 CH O) „' - (CH 2 CH 2 0) ,.H 

NCH 2 CH 2 N 



H COCH,CH 2 ) y - (OCH CK,), x (CH a CHO) - (CH,CH 2 0) y .H 

CH, CH 3 
or 

15 CH, c H> 

H (OCH CH,) m - (OCH : CH,). (CH 2 CH : 0) x . - (CH, CHO),. 

^ NCH,CH,N ^ 

20 / 

H (OCH CH 2 ), - (OCH 3 CH 2 >; <CH : CH 2 0) y . - (CH.CHO),. 

CH > CH,; arxi 

25 xviii) mixtures thereof 

wherein 

R is a fatty alkyl group; 
R x is -H or a fatty alkyl group; 
x, x', y, y' , and n are each independently 
30 moles of ethyleneoxide ; and 

m, m' ( 1, and 1' are each independently 
moles of propyleneoxide; and 

with the proviso that the fatty alkyl group 
and/or the number or arrangement of the 
35 ethyleneoxide and/or propyleneoxide units are 

such that the surfactant composition is solid 
at 24'C. 

c) spraying the molten surfactant onto the diammonium 
sulfate with continuous blending to achieve coating 

24 
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and granulation of the sulfate particles; and 
d) cooling the coated particles wherein said diammonium 
sulfate comprises from about 1 to less than 70 
weight percent of the coated composition (the weight 
5 percent based on the total weight of the spray- 

coated composition) . 
9. The method of claim 8 wherein the diammonium sulfate is 
present from about 3 to about 50 weight percent based on 
the coated composition. 
10 10. The method of claim 8 wherein 

R fatty alkyl groups are from C 6 to C 22 

R, is -H or the fatty alkyl groups are from C 6 to C 22 ; 

x, x' , y, y' , and n are each independently 1 to 300; 

and 

15 m, m' , 1 # and 1' are each independently 1 to 300. 

11. The method of claim 10 wherein 

R is C 8 - C 19 alkyl; 

R, is -A or C B - C 18 alkyl; 

x, x' , y , y' , and n are each independently from 1 to 
20 200; and 

m, m ', 1, and 1' are each independently from 1 to 

200. 

12 . The method of claim 6 wherein 

i) the nonionic surfactant is melted at from about 65 # 
25 C to about 95* C; and 

ii) the coated particles are cooled to less than about 
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50' C. 



13 - The method of claim 8 wherein 

i) the nonionic surfactant is melted at from about 65 m 
C to about 95* C; and 
ii) the cooled particles are cooled to less than about 
50* C. 

14 . Coated particle surfactant compositions comprising 

a) diammonium sulfate particles with 

b) a solid, nonionic surfactant partial or complete 



wherein the diammonium sulfate is present from about l to 
less than 70 weight percent based on the total weight of 
the composition (the weight percent based on the total 
weight of the spray-coated composition) . 

15. The coated particle surfactant composition of claim 14 
wherein the diammonium sulfate is present from about 3 to 
about 50 weight percent. 

16. Coated particle surfactant compositions comprising 

a) from about 1 to less than 70 weight percent (based 



outer coating 



on the total composition weight) of diammonium 



sulfate particles with 



b) 



a solid, nonionic surfactant partial or complete 
outer coating selected from the group consisting of 



i) alkanolamides of the formula 



0 



il 

R C 



N 
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10 



20 



30 



wherein R' and R» each can be -H, -CH 2 CH 2 OH, or 
-CH 2 - CH-OH; 



ii) ethoxylated alkanolamides of the formula 

O .(CH,-CH 2 -0) x H 
II 

R - C - N-f 

^ (CHj-CHj-OyH; 

iii) ethylene bisamides of the formula 



0 
II 

15 R - . h 

N-CHj-CHj-N^^ 
H ^^C-R; 



iv) fatty acid esters of the formula 



O 

25 || 

R - C - O - Rj,; 



v) glycerol esters of the formula 

0 
II 

R-C-O-CHj-CH-CHj-O-R, 

I 

35 OH; 

vi) ethoxylated fatty acid glycol and polyethylene 
glycol esters of the formula 

40 0 

II 

R - C - O (CH 2 CH 2 0) x -R,; 
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10 



15 



20 



25 



vii) sorbitan esters of the formula 
HO OH 

,P 

— CH - CH 2 - 0 - C - R; 
OH 

viii) ethoxylated sorbitan esters of the formula 

H- (OCH 2 CH 2 ) n -0- . O- (CH 2 CH 2 0) x -H 

* \ 

\r\ o 
if 

CH-CH 2 -0-C-R; 
O- (CH 2 CH 2 0) y 
ix) alkylphenol ethoxylates of the formula 
R "'C) • (OCH 2 CH 2 ) n OH; 

x) alcohol ethoxylates of the formula 

R - O - (CH 2 CH 2 0) n H; 

xi) tristyrylphenol ethoxylates of the formula 

(O CH 2 CH 2 ) n OH 
I 



•—I O i — 
CH 3 CH, 

CH, - CH 

' c 1 

■ — ^ 

xii) mercaptan ethoxylates of the formula 

R - S - (CH 2 CH 2 0) n H; 

xiii) alcohol alkoxylates of the formula 

CH 3 
I 

R-(OCH 2 CH 2 ) x - (O - CH - CHj),, - OH; 
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xiv) ethyleneoxide/propyleneoxide block copolymers of the 
formula 

CH, 

1 

HO - (CH 2 CH 2 0) x (CH 2 -CH-0) m - (CH 2 CH 2 0) y - H; 

5 

xv) reverse copolymers of the formula 
CH 3 CH 3 
10 HO(CH-CH 2 0) m - (CH 2 CH 2 0) x - (CH 2 -CH O) x H; 

xvi) chlorine capped ethoxylates of the formula 

R - (0CH 2 CH 2 ) X C1; 

15 

xvii) tetra- functional block copolymers of the formula - 

CH, CH, 

I I 

20 H (0CH 2 CH 2 ), - (OCH CHj).^ ^ <CH a CH O) „• - (CH 2 CH 2 0) X .H 

^^NCHjCHjN^^ 
H <0CH,CHJ y - (OCH CH,)! <CH 2 CHO) v - (CH 2 CH a O} Y .H 

25 I | 

CH, CH, 

or 

3 0 CH, CH, 

I I 

H (OCH CH,)., - (OCH, CH 2 ), ( CH 2 CH 2 0 ) K . - (CH 2 CHO),,. 

\ 

NCH 2 CH 2 N . 

3 5 S \ 

H (OCH CH 2 ) L - (0CH 2 CH 2 )/ X (CH,CH 2 0) r - (CH 3 CH0) lt 

CH, CH,; and 

40 xviii) mixtures thereof 

wherein 

R is a fatty alkyl group; 
Rj is -H or a fatty alkyl group; 
x f x' , y, y' , and n are each independently 
45 moles of ethyleneoxide ; and 

m, m' , 1 and 1' are each independently 
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moles of propyleneoxide ; and 

with the proviso that the fatty alkyl group 
and/or the number or arrangement of the 
ethyleneoxide and/or propyleneoxide units are 
5 such that the surfactant composition is solid 

at 24 'C (the weight percent based on the total 
weight of the spray-coated composition) . 
17. The composition of claim 16 wherein the diammonium sulfate 
is present from about 3 to about 50 weight percent. 
10 18. The composition of claim 17 wherein 

R fatty alkyl groups are from C 6 to C 22 ; 
R, is H or the fatty alkyl groups are from C s to C 22 ; 
x > x ' / Yr V t and n are each independently from 1 to 
300; and 

15 m, m', 1, and 1' are each independently from 1 to 

300. 

19. The composition of claim 18 wherein 
R is C 9 to C 1B alkyl; 
R x is H or C B to C 18 alkyl; 
20 x,x',y,y', and n are each independently from 1 to 

200; 

m, m' , 1, and 1' are each independently from 1 to 

200. 
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